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Several L-band microwave radiometer
and radar missions have been, or will
be, operating in space for land and
ocean observations. These include the
NASA Aquarius mission and the Soil
Moisture Active Passive (SMAP) mis-
sion, both of which use combined pas-
sive/active L-band instruments. Aquar-
ius’s passive/active L-band microwave
sensor has been designed to map the
salinity field at the surface of the ocean
from space. SMAP’s primary objectives
are for soil moisture and freeze/thaw
detection, but it will operate continu-
ously over the ocean, and hence will
have significant potential for ocean sur-
face research.
In this innovation, an algorithm has
been developed to retrieve simultane-
ously ocean surface salinity and wind
from combined passive/active L-band mi-
crowave observations of sea surfaces. The
algorithm takes advantage of the differ-
ing response of brightness temperatures
and radar backscatter to salinity, wind
speed, and direction, thus minimizing
the least squares error (LSE) measure,
which signifies the difference between
measurements and model functions of
brightness temperatures and radar
backscatter. The algorithm uses the con-
jugate gradient method to search for the
local minima of the LSE.
Three LSE measures with different
measurement combinations have been
tested. The first LSE measure uses pas-
sive microwave data only with retrieval
errors reaching 1 to 2 psu (practical
salinity units) for salinity, and 1 to 2 m/s
for wind speed. The second LSE meas-
ure uses both passive and active mi-
crowave data for vertical and horizontal
polarizations. The addition of active mi-
crowave data significantly improves the
retrieval accuracy by about a factor of
five. To mitigate the impact of Faraday
rotation on satellite observations, the
third LSE measure uses measurement
combinations invariant under the Fara-
day rotation. For Aquarius, the expected
RMS SSS (sea surface salinity) error will
be less than about 0.2 psu for low winds,
and increases to 0.3 psu at 25 m/s wind
speed for warm waters (25 ºC).
To achieve the required 0.2 psu accu-
racy, the impact of sea surface roughness
(e.g. wind-generated ripples) on the ob-
served brightness temperature has to be
corrected to better than one tenth of a de-
gree Kelvin. With this algorithm, the accu-
racy of retrieved wind speed will be high,
varying from a few tenths to 0.6 m/s. The
expected direction accuracy is also excel-
lent (<10°) for mid to high winds, but de-
grades for lower speeds (<7 m/s).
This work was done by Simon H. Yueh and
Mario J. Chaubell of Caltech for NASA’s Jet
Propulsion Laboratory. For more information,
contact iaoffice@jpl.nasa.gov. NPO-48097
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Currently, the modeling of supercriti-
cal-pressure flows through Large Eddy
Simulation (LES) uses models derived
for atmospheric-pressure flows. Those
atmospheric-pressure flows do not ex-
hibit the particularities of high density-
gradient magnitude features observed
both in experiments and simulations of
supercritical-pressure flows in the case of
two species mixing. To assess whether
the current LES modeling is appropriate
and if found not appropriate to propose
higher-fidelity models, a LES a posteriori
study has been conducted for a mixing
layer that initially contains different
species in the lower and upper streams,
and where the initial pressure is larger
than the critical pressure of either
species. An initially-imposed vorticity
perturbation promotes roll-up and a
double pairing of four initial span-wise
vortices into an ultimate vortex that
reaches a transitional state. 
The LES equations consist of the dif-
ferential conservation equations cou-
pled with a real-gas equation of state,
and the equation set uses transport
properties depending on the thermody-
namic variables. Unlike all LES models
to date, the differential equations con-
tain, additional to the subgrid scale
(SGS) fluxes, a new SGS term that is a
pressure correction in the momentum
equation. This additional term results
from filtering of Direct Numerical Sim-
ulation (DNS) equations, and repre-
sents the gradient of the difference be-
tween the filtered pressure and the
pressure computed from the filtered
flow field.
A previous a priori analysis, using a
DNS database for the same configura-
tion, found this term to be of leading
order in the momentum equation, a fact
traced to the existence of high-density-
gradient magnitude regions that popu-
lated the entire flow; in the study, mod-
els were proposed for the SGS fluxes as
well as this new term. In the present
study, the previously proposed constant-
coefficient SGS-flux models of the a pri-
ori investigation are tested a posteriori in
LES, devoid of or including, the SGS
pressure correction term. The present
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pressure-correction model is different
from, and more accurate as well as less
computationally intensive than that of
the a priori study.
The constant-coefficient SGS-flux
models encompass the Smagorinsky
(SMC), in conjunction with the
Yoshizawa (YO) model for the trace, the
Gradient (GRC) and the Scale Similarity
(SSC) models, all exercised with the a
priori study constant coefficients cali-
brated at the transitional state. The LES
comparison is performed with the fil-
tered-and-coarsened (FC) DNS, which
represents an ideal LES solution. Ex-
pectably, an LES model devoid of SGS
terms is shown to be considerably infe-
rior to models containing SGS effects.
Among models containing SGS effects,
those including the pressure-correction
term are substantially superior to those
devoid of it. The sensitivity of the predic-
tions to the initial conditions and grid
size are also investigated.
Thus, it has been discovered that, ad-
ditional to the atmospheric-pressure
models currently used, a new model is
necessary to simulate supercritical-pres-
sure flows. This model depends on the
thermodynamic characteristics of the
chemical species involved.
This work was done by Josette Bellan and
Ezgi Taskinoglu of Caltech for NASA’s Jet
Propulsion Laboratory. For more information,
contact iaoffice@jpl.nasa.gov. NPO-46733 
A decoder was developed that de-
codes a serial concatenated pulse posi-
tion modulation (SCPPM) encoded in-
formation sequence. The decoder
takes as input a sequence of four bit
log-likelihood ratios (LLR) for each
PPM slot in a codeword via a XAUI 10-
Gb/s quad optical fiber interface. If
the decoder is unavailable, it passes the
LLRs on to the next decoder via a
XAUI 10-Gb/s quad optical fiber inter-
face. Otherwise, it decodes the se-
quence and outputs information bits
through a 1-GB/s Ethernet UDP/IP
(User Datagram Protocol/Internet
Protocol) interface.
The throughput for a single decoder
unit is 150-Mb/s at an average of four
decoding iterations; by connecting a
number of decoder units in series, a de-
coding rate equal to that of the aggre-
gate rate is achieved. The unit is con-
trolled through a 1-GB/s Ethernet
UDP/IP interface.
This ground station decoder was de-
veloped to demonstrate a deep space op-
tical communication link capability, and
is unique in the scalable design to
achieve real-time SCPPM decoding at
the aggregate data rate.
This work was done by Kevin J. Quirk,
Jonathan W. Gin, Danh H. Nguyen, Huy
Nguyen, Michael A. Nakashima, and Bruce
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